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Summary 
Histological grading of canine mammary carcinomas (CMCs) has been performed using 
an adaptation of the human Nottingham method. The histological grade could be a 
prognostic factor in CMC; however, no data are available concerning interobserver 
variability in grading. In this study we analyzed the interobserver reproducibility 
between three observers when assigning individual parameter scores and grade to 46 
CMCs.  The influence of tumour size and vascular invasion and/or lymph node 
metastases on the odds of grading disagreement was also evaluated.  The mean kappa 
values were 0.71, 0.51, 0.69 and 0.70 for tubule formation, nuclear pleomorphism, 
mitotic counts and grade, respectively. There was moderate to good agreement in 
scoring parameters and tumour grading, with nuclear pleomorphism being least 
reproducible. These findings are similar to those of human studies. The odds of grading 
disagreement increased with tumour size, but decreased with the presence of vascular 
invasion and/or lymph node metastases. Individual scoring differences were moderated 
by reaching a consensus between two observers.  
 
Keywords: canine mammary tumours; grade; reproducibility 
 
The Nottingham histological grade (NHG), the standard method for scoring human 
breast tumours, has been adapted for grading canine mammary carcinomas (CMCs) 
(Karayannopoulou et al., 2005; Peña et al., 2013). The NHG is composed of the sum of 
scores assigned to three morphological features (i.e. tubule formation, nuclear 
pleomorphism and mitotic count), each taking a value of one to three points (Elston and 
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Ellis, 1991).  A total score ≤5 points , 6–7 points or 8–9 points denotes grades I, II and 
III carcinomas, respectively (Elston and Ellis, 1991). 
 Although histological grading is used widely in the evaluation of CMCs, 
there are no studies focusing on the reproducibility of grading. This contrasts markedly 
with human pathology, where the reproducibility of grading methods, including the 
NHG, has been debated for years (Stenkvist et al., 1979; Frierson et al., 1995; Robbins 
et al., 1995; Dalton et al., 2000; Meyer et al., 2005). Furthermore, the measurement of 
interobserver variability in veterinary oncology is considered critical to validate 
prognostic markers (Webster et al., 2011). 
In human studies, the agreement between observers has been estimated in three 
different ways: percentage of equal judgments, Cohen’s kappa statistics () and 
Spearman’s correlation coefficient (Stenkvist et al., 1979; Longacre et al., 2006). Each 
of these statistical methods has limitations and pitfalls; reporting all three may provide a 
better reproducibility assessment (Stenkvist et al., 1979). The agreement percentage is 
intrinsically dependent on the number and frequency of the classifying categories 
(Stenkvist et al., 1979).  The  statistic implies the assumption that categories have the 
same width and the so-called ‘ paradox’ may occur, namely when the frequencies of 
categories are clearly unbalanced (Sim and Wright, 2005). In those cases, the proportion 
of agreement may be high, but the  value could be low and an interpretation based 
solely on the  value would lead to erroneous conclusions (Sim and Wright, 2005). Still, 
some controversy exists regarding the best  value (i.e. weighted or unweighted) to be 
used in breast cancer grade reproducibility studies (Chowdhury et al., 2007). The 
unweighted  value (u) considers all types of disagreements as equal, independently of 
their magnitude (Sim and Wright, 2005). In contrast, the weighted  value (w) 
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emphasizes large differences between ratings in ordinal scales (Sim and Wright, 2005). 
It should be noted that recent guidelines in veterinary oncology recommend the use of 
w statistics (Webster et al., 2011).  
 The aim of this study was to determine the interobserver agreement in 
grading simple CMCs and in scoring each grading parameter, using the NHG. 
Additionally, the influence of clinicopathological parameters (i.e. tumour size, vascular 
invasion and/or lymph node and tumor progression) on the odds of grading 
disagreement was estimated. 
Pathology archives from the Instituto Ciências Biomédicas Abel Salazar, 
University of Porto, Portugal were accessed to retrospectively select 46 spontaneously 
arising simple CMCs that had been removed surgically.  The selection of cases and their 
histological study were blinded with respect to clinical data.  For 30 cases follow-up 
data were collected prospectively over 2 years following the protocol detailed in Santos 
et al. (2013).  Owners gave informed consent for both surgery and follow-up. 
The histological diagnosis was reviewed by two observers to confirm that all 
cases fulfilled the criteria for simple carcinomas (i.e. tumours composed of luminal 
epithelial cells) (Misdorp et al., 1999; Goldschmidt et al., 2011). For each case, tumour 
size (i.e. largest diameter) and histological evidence of vascular invasion and/or regional 
lymph node metastases were recorded. Slides containing the largest cross section were 
used for grading. Three observers from the same institution (a MSc veterinary 
pathologist with 10 years of experience, a PhD veterinary pathologist with more than 15 
years of experience, both with special interest in canine mammary pathology, and an 
emeritus Professor of human pathology with more than 40 years of experience) graded 
all of the tumors independently, using the NHG (Elston and Ellis, 1991; 
Karayannopoulou et al., 2005).  Briefly, tubule formation was scored as 1, 2 or 3 when 
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more than 75%, 10–75% or <10% of neoplastic cells, respectively, were arranged in 
structures exhibiting an obvious lumen.  Nuclear pleomorphism was scored as follows: 
score 1 denoted a slight increase in variability of nuclear size and shape, compared with 
normal surrounding epithelial cells; score 2 denoted moderate variation in nuclear size 
and shape; score 3 denoted marked variation in nuclear size and shape, with very large 
and bizarre forms.  Mitotic figures were counted in 10 high-power fields (×400) and 
scored using the cut-offs defined by the field diameter of the microscope (field diameter 
of 0.55 mm; field area of 0.238 mm
2
; score 1, ≤8 mitotic figures; score 2, 9–17 mitotic 
figures; score 3, 18 mitotic figures); thus assuring equivalence with assessments made 
by Elston and Ellis (Elston and Ellis, 1998; Karayannopoulou et al., 2005).  The 
selection of the high-power fields for mitotic counts was performed independently by 
each observer in the most mitotically active parts of the tumor (Elston and Ellis, 1991; 
Peña et al., 2013). Cases with scoring discrepancies between the veterinary pathologists 
were reviewed using a multihead microscope, in order to obtain a consensus. The 
consensus grade and its components were also compared with the grade assigned by the 
medical pathologist.  
The interobserver variability was measured by estimating the percentage of 
equal assessments. The u and w statistics were used to assess the paired interobserver 
agreement for histological grading and for parameter scoring. A value of  >0.8 is 
considered to indicate almost perfect agreement, while 0.6   ≤ 0.8 and 0.4   ≤ 0.6 
values indicate good and moderate agreements, respectively. In contrast,  <0.4 is 
considered a poor agreement (Vieira and Garret, 2005).  The interobserver variability in 
total score assigned (values 3 to 9) was also estimated as a correlation coefficient 
(Spearman’s rank correlation coefficient). For these tests P <0.05 was considered 
significant.  Logistic regression was used to assess the influence of clinicopathological 
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parameters on the odds of grading disagreement. For this analysis, P <0.1 was 
considered significant. All analyses were performed using R free software (R Core 
Team) using packages psych (Revelle, 2014) and Hmisc (Harrell, 2014).  
In this series of 46 simple CMCs, mean (standard deviation) tumour size was 3.3 
(3.1) cm.  At the time of diagnosis, 33% (15/46) of the tumours showed vascular 
invasion and/or lymph node metastases. During the follow-up period, 27% (8/30) of 
dogs developed progression-related events (i.e. recurrences or distant metastases). 
Grade I tumours were relatively uncommon, representing 11–20% of cases depending 
on the observer (Table 1).  
Overall, there was an agreement percentage for tumour grading of 52%. For 
tubule formation, nuclear pleomorphism and mitotic counts the agreement was 61%, 
50% and 54%, respectively. The agreement of the sum of scores was 24%. The 
interobserver variability, measured as the percentage of concordance and  values in 
paired comparisons, is illustrated in Table 2. The tumor grade w varied from 0.59 to 
0.80 (mean w of all pairwise comparisons was 0.70).  For tubule formation, nuclear 
pleomorphism and mitotic counts, the mean w of all pairwise comparisons was 0.71, 
0.51, and 0.69, respectively.  Higher agreement values were obtained for some of the 
paired comparisons: (1) consensus and observer 3 (medical pathologist) for tubule 
formation, nuclear pleomorphism and mitotic count; and (2) observer 2 versus observer 
3 for overall tumour grade (Table 2). In general, the highest agreement between 
observers was seen for evaluation of tubule formation, closely followed by the mitotic 
count (Table 2). The agreement for nuclear pleomorphism in all pairwise comparisons 
was moderate. In all instances, the Spearman’s correlation coefficient for the overall 
score was higher than 0.70 (P <0.001). 
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Cases with complete agreement between the three observers for tumour 
grade are illustrated in Figs.1 and 2. When disagreement existed, the pathologists 
always clustered their opinions around two adjacent grades and the difference in score 
of each parameter and the sum of scores were ±1, in the majority of cases. As the 
disagreement usually corresponded to adjacent scores, the w was invariably higher that 
u (Sim and Wright, 2005).   
The odds of disagreement when scoring parameters increased with tumour 
size: each centimetre increase in diameter accounted for 1.4 times higher odds of 
disagreement (P = 0.065).  In contrast, the odds of disagreement decreased by a factor 
of 0.03 when vascular invasion and/or regional lymph node metastases were detected at 
diagnosis (P = 0.08). The level of disagreement was similar in tumours with and 
without progression during the follow-up period.  
In the last decade, the NHG has been adapted to CMC grading; however, its use 
requires adjustment for veterinary pathology (Matos et al. 2012; Mills et al., 2015). In 
this first study of grade reproducibility, we focused on simple CMCs since they are 
considered most similar to the common forms of human breast carcinoma. This subtype 
of tumour is suitable for comparing grading assessment by veterinary and medical 
pathologists, which was one goal of this study. Moreover, as simple carcinomas are 
associated with a poorer prognosis when compared with complex and mixed carcinomas 
(Misdorp et al., 1999), it is critical, in prognostic terms, to be aware of interobserver 
reproducibility in grading this particular tumour subgroup.  
The reproducibility observed in this study (w = 0.70 for the overall grade) is in 
close agreement with the human field (w of 0.30–0.70) (Meyer et al., 2005; Rakha et 
al., 2010). Furthermore, the higher reproducibility value in scoring tubule formation 
(0.71), followed by mitotic count (0.69) and finally nuclear pleomorphism (0.51) is 
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similar to the majority of human breast cancer studies (reviewed by Meyer et al., 2005; 
Rakha et al., 2010).  In grading CMCs, consensus seems to be least common with 
scoring of nuclear pleomorphism. In the human literature, various reasons have been 
proposed to justify this, including the qualitative nature of the scoring method and the 
heterogeneity of the nuclear features within a tumour (Meyer et al., 2005; Longacre et 
al., 2006; Adams et al., 2009). Moreover, we recently demonstrated that CMCs that 
scored 1 and 2 have similar mean nuclear volumes (Santos et al., 2014). Additionally, 
the use of the normal surrounding parenchyma as a reference may jeopardize the 
reproducibility of nuclear pleomorphism in CMCs, since the parenchyma often presents 
variability in nuclear features, depending on the stage of the oestrous cycle (Santos et 
al., 2010).  
The second poorest agreement was seen for mitotic count, probably due to 
the selection of areas for counting mitotic figures (Meyer et al., 2005; Longacre et al., 
2006). In large tumours, the high number of slides can be an additional bias, which 
could explain increased odds of grading disagreement with increasing size. To decrease 
bias, some studies in human breast pathology have assigned designated counting areas 
on the slides of each tumour (Tsuda et al., 2000). In the present study, there was no 
attempt to guide observers to any particular slide or tumour area. Even if this led to 
some of the interobserver variation, it represents more accurately the procedures of 
pathologists during their routine diagnostic activity (Longacre et al., 2006).  
In this study, Spearman’s correlation coefficient for the total combined 
score was relatively high, indicating that when an observer attributed a high score to a 
tumour, it was likely that the other observer would also attribute a high score.  
The levels of agreement in grading parameters showed a tendency to 
increase when consensus between two observers was reached. This suggests that efforts 
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to obtain a grading consensus are an effective way to compensate for potential 
individual bias in scoring. In human medicine it has been postulated that two or three 
pathologists should suffice to reach a valid consensus (Dalton et al., 2000).    
In conclusion, to our knowledge, this is the first study addressing 
interobserver agreement in grading CMCs. The grading method presented a level of 
reproducibility similar to that reported for human breast carcinomas. Future intra- and 
interdepartmental studies with a panel of observers and different subtypes of CMC are 
warranted to fully ascertain the reliability of the method.   
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Figure Legends 
 
Fig. 1.  Grade II canine simple mammary carcinoma.  Complete agreement between the 
three observers in the scores of the grading parameters (score 1 for tubule formation, 
score 2 for nuclear pleomorphism and score 3 for mitotic count). Haematoxylin and 
eosin.  Bar, 50m. 
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Fig. 2. Grade III canine simple mammary carcinoma. Tubule formation, nuclear 
pleomorphism and mitotic count were scored as 3 by the three observers.  Haematoxylin 
and eosin. Bar, 50m. 
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Table 1 
Individual and consensus (observers 1 and 2) grading of 46 canine mammary 
carcinomas using the Nottingham histological method  
 
 
 
 
 
 
 
 
 
 Observer 
1 
Observer 
2 
Consensus 
of    
observers 
1+2 
Observer 
3 
Grade 
1 
5 9 6 8 
Grade 
2 
20 19 21 17 
Grade 
3 
21 18 19 21 
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Table 2 
Percentage of concordance (C) and kappa agreement values between observers in 
grading parameter scores and in the Nottingham histological grade  
 Tubule formation Nuclear 
pleomorphism 
Mitotic count Grade 
Observer 
1/Observer 2  
C 
 u 
 w 
 
 
76% 
0.61 (0.42–0.81) 
0.71 (0.52–0.89) 
 
 
65% 
0.40 (0.17–0.63) 
0.57 (0.41–0.74) 
 
 
69% 
0.49 (0.29–0.68) 
0.68 (0.50–0.86) 
 
 
67% 
0.47 (0.26–0.69) 
0.68 (0.53–0.83) 
Observer  
1/Observer 3 
C 
 u 
 w 
 
 
70% 
0.50 (0.29–0.72) 
0.69 (0.54–0.85) 
 
 
65% 
0.38 (0.15–0.60) 
0.43 (0.21–0.66) 
 
 
61% 
0.32 (0.12–0.51) 
0.55 (0.34–0.76) 
 
 
59% 
0.33 (0.10–0.55) 
0.59 (0.42–0.76) 
Observer 
2/Observer 3 
C 
 u 
 w 
 
 
72% 
0.55 (0.34–0.75) 
0.66 (0.47–0.86) 
 
 
65% 
0.39 (0.15–0.62) 
0.46 (0.21–0.72) 
 
 
74% 
0.58 (0.39–0.77) 
0.77 (0.63–0.92) 
 
 
78% 
0.66 (0.46–0.85) 
0.80 (0.68–0.93) 
Consensus/Observer 
3 
C 
 u 
 w 
 
 
76% 
0.61 (0.41–0.81) 
0.76 (0.62–0.90) 
 
 
70% 
0.45 (0.22–0.68) 
0.58 (0.39–0.77) 
 
 
70% 
0.50 (0.31–0.69) 
0.77 (0.67–0.88) 
 
 
70% 
0.52 (0.30–0.73) 
0.71 (0.56–0.86) 
 
u, kappa unweighted; w, kappa weighted; brackets show 95% confidence intervals 
